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CASE SERIES AND REVIEW
Unintentional Needlestick Injuries in Livestock Production:
A Case Series and Review
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Jamie Wallace, MD
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ABSTRACT. Livestock producers and their employees sometimes experience unintentional needle-
stick injury (NSI) while vaccinating or injecting medications into animals. There is little published
regarding the medical complications that can develop from this occupational exposure. The objectives
of this study were to (1) perform a retrospective review of animal-related NSIs treated at a tertiary med-
ical center of a rural state; and (2) review the risks of NSI and measures to decrease their occurrence.
Medical records of patients with NSI related to animal injection were identified from the University of
Iowa Hospitals and Clinics database from 2002 to 2008 and reviewed. Nine patients received medical
care for NSI that occurred while vaccinating farm animals. Most common NSI site was the nondomi-
nant hand and most occurred while attempting to inject the animal. Soft tissue infection was common
and all nine received oral and/or intravenous antibiotics. Two thirds required hospital admission. Three
required surgery and one had a bedside incision and drainage procedure. One patient had a serious
inflammatory reaction with necrosis in the leg due to the oil adjuvant in the animal vaccine. Another case
had a probable mycetoma with osteomyelitis and soft tissue infection due to the bacteria Streptomyces,
which is a NSI complication not previously reported. Although medical complications from farm-re-
lated NSIs do not appear to be common, this case series illustrates how these injuries can be debilitating,
costly, and lead to loss of work time and productivity. Producers and employees who inject livestock
need to be aware of the risks and utilize measures to decrease unintentional NSI.
KEYWORDS. Agriculture, injection injuries, needlestick injuries, vaccination injuries
Charles Jennissen is affiliated with the Department of Emergency Medicine, College of Medicine,
University of Iowa, Iowa City, Iowa, USA.
Jamie Wallace is affiliated with the Department of Family Medicine, Quad Cities Genesis Hospital,
Davenport, Iowa, USA.
Kelley Donham is affiliated with the Department of Occupational and Environmental Health, College of
Public Health, University of Iowa, Iowa City, Iowa, USA.
David Rendell and Susan Brumby are affiliated with the National Centre for Farmer Health, Western
District Health Service, and Deakin University, Hamilton, Victoria, Australia.
Address correspondence to: Charles Jennissen, Emergency Medicine 1008 RCP, University of Iowa, 200
Hawkins Drive, Iowa City, IA 52242, USA (E-mail: charles-jennissen@uiowa.edu).
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
4:
39
 1
8 
Ap
ri
l 
20
11
Jennissen et al. 59
BACKGROUND
Agricultural producers and their employ-
ees often experience unintentional needlestick
injury (NSI) while vaccinating farm animals.
There is no published literature regarding the
frequency of NSI in livestock production work-
ers. However, greater than 80% of farmers who
vaccinated animals and attended one of several
agricultural programs in Australia reported hav-
ing an unintentional NSI in the previous year.1
This NSI rate is comparable to that reported in
veterinary personnel.
In the United States, a survey of 2531 female
veterinarians found 64% had experienced at
least one NSI in their practice.2 Half of these
were associated with vaccine administration. A
study of 664 Australian veterinarians showed
that 58.9% had experienced a contaminated NSI
in the previous 12 months.3 Other inquiries have
revealed 71% of Australian veterinary nurses,4
73% of US swine veterinarians,5 and 87% of US
zoo veterinarians6 reporting at least one career
NSI.
Although the reported prevalence of NSI
is high, they are likely underreported. Human
health care workers are another group at risk for
unintentional NSI and, unlike agricultural work-
ers, have the potential of acquiring blood-borne
pathogens such as human immunodeficiency
virus (HIV) and hepatitis from these exposures.
Despite this, it is estimated that the NSI inci-
dence in human medicine is underreported for
many caregivers by as much as 10-fold 7–10 and
even greater for surgeons.11,12
A study of Canadian veterinary technicians
found that although about three quarters had suf-
fered a NSI in the previous year, most were
not reported to their employer.13 The most com-
mon reasons for not reporting included not
remembering to do so, lack of employer empha-
sizing the importance of reporting, thinking
that reporting would not make any difference,
and considering the injury insignificant. It is
likely that agricultural workers would have sim-
ilar thoughts with regards to NSI, making it
difficult to appreciate the full extent of this
problem.
Most animal-related NSIs are believed to be
asymptomatic or cause mild symptoms such as
localized pain and inflammation that resolve
spontaneously and do not require medical atten-
tion. However, they can occasionally lead to
amputation, miscarriage, serious local and sys-
temic effects, or even death.1,2,14–23 Many of
the NSI complications reported have been suf-
fered by veterinarians. There is little published
regarding the medical complications of NSI
experienced by agricultural workers inoculating
livestock. This study was performed to identify
and review the cases of NSI related to animal
injection treated at a tertiary medical center in a
rural state.
METHODS
A retrospective chart review was performed
at the University of Iowa Hospitals and Clinics,
a tertiary medical center in the state of Iowa.
The inpatient and outpatient database was
searched by the International Classification of
Diseases, 10th revision (ICD-10) diagnostic
codes and e-codes to identify cases of unin-
tentional NSI from farm animal injection that
were treated from January 1, 2002, through
December 31, 2008. The primary code utilized
in our search was [E920.5] needlestick through
which 733 potential cases were identified.
Searches combining the codes [682.0–682.9]
cellulitis/abscess with [E8491] farm accident
and with [E9069] animal accident identified an
additional 16 and 12 patients, respectively.
Most of the NSIs identified in the search were
human health care related and those involv-
ing nurses or physicians were eliminated from
further consideration. The remaining 335 med-
ical records were examined and those that
had suffered an animal inoculation-related NSI
were carefully reviewed. The following ele-
ments were identified in the medical record if
documented: age, gender, race, ethnicity, worker
role, date and time of injury, animal being inoc-
ulated, type of agent being injected, the site
of the unintentional injection, amount injected
into patient, date and time of initial presentation
to medical personnel, tetanus status, treatment,
injury course, and final diagnoses. The study
was approved by the Institutional Review Board
at the University of Iowa Hospital and Clinics.
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RESULTS
There were nine patients who received med-
ical care at the University of Iowa Hospitals
and Clinics for the complications of uninten-
tional NSI while vaccinating animals from 2002
through 2008 (Table 1). These occurred while
inoculating a variety of farm animals including
cattle, hogs, sheep, and chickens. The average
age of patients was 29 years but there were
five who were younger, 23 years of age or less.
Those that suffered NSIs included both employ-
ees and owner/operators. The most homoge-
nous group was the three cases from poultry
operations who were all employees, young and
Hispanic.
A variety of vaccines were involved in the
NSI, but the type and amount that might have
been injected was frequently not well docu-
mented. Most NSI occurred during the process
of trying to vaccinate the animal. However,
two cases occurred between vaccinations of ani-
mals and one occurred while cleaning needled
syringes for reuse.
The most common site involved was the left
(nondominant) hand (Table 2). The time from
NSI to initial medical evaluation ranged from
1.5 to 50 hours, with the exception of one
patient who did not present until a month after
his injury. A soft tissue infection, often celluli-
tis, was one of the medical diagnoses in five
patients. The remaining cases had soft tissue
injury from direct needle trauma or concerns
related to injection of oil adjuvant, a common
component of animal vaccines.
All nine patients received oral and/or intra-
venous antibiotics either for treatment of
infection or infection prophylaxis. Two thirds
required hospital admission. Three required
surgery in the operating room and one had
a bedside incision and drainage procedure.
One of the patients had a serious inflamma-
tory reaction with necrosis in her leg due to
the oil adjuvant in the vaccine. She had to
undergo a large surgical débridement of her
thigh. Another case had a probable mycetoma
with osteomyelitis and a surrounding localized
infection and inflammatory reaction due to the
bacteria Streptomyces. This patient required a
rib resection, a second surgery for additional
débridement, and prolonged intravenous (IV)
antibiotic therapy for 6 weeks.
TABLE 1. Patient Demographics and Vaccination Specifics
Patient Age (years) Gender Ethnicity Work role Animal Vaccine involved Amount injected
involved
Case 1 AD 32 M Caucasian Employee Hog For bacterial
infection
Not documented
Case 2 GH 29 M Caucasian Owner/operator Hog To prevent
Escherichia coli
1 ml
Case 3 JS 23 F Caucasian Owner/operator Hog Not documented None
Case 4 BM 22 F Caucasian Employee Hog M+PAC
(Mycoplasma
hyopneumonia
bacterin)
1 ml
Case 5 OL 22 M Hispanic Employee Chicken Not documented None
Case 6 NL 21 M Hispanic Employee Chicken With oil emulsion
adjuvant
None
Case 7 MS 17 M Hispanic Employee Chicken With oil emulsion
adjuvant
One dose
Case 8 JL 51 M Caucasian Owner/operator Cattle Vision 7/Somnus
with SPUR
Not documented
Case 9 DS 43 M Caucasian Owner/operator Sheep Clostridium
perfringens types
C & D toxoid
Not documented
Note. M = male; F = female.
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CASE SERIES
Hogs
Case 1 AD
A 32-year-old male who suffered a NSI in the
web space between the third and fourth fingers
of the palm of his left hand. He was immuniz-
ing baby pigs against an unspecified bacterial
infection, and sustained a NSI from a well-used
needled syringe. The area developed redness
and worsening pain and he presented to a local
physician 8 hours after the injury. An antibiotic,
cephalexin, was prescribed but his symptoms
continued to progress.
The patient was referred and admitted with
the diagnosis of left hand cellulitis and placed
on triple IV antibiotics including penicillin, gen-
tamicin, and cefazolin. A tetanus booster was
given. He did well and was discharged on the
third hospital day. He took 9 more days of out-
patient oral antibiotics. At his 1-week follow-up,
the patient continued to have intermittent pain at
the injection site and along the middle finger. He
was not able to hold baby piglets in his left hand
to perform his job and missed a total of 3 weeks
of work.
Case 2 GH
A 29-year-old male who was inoculating
swine when he inadvertently poked his left hand
at the edge of his palm proximal to the little
finger. The 14-gauge needled syringe had been
used on multiple sows and contained an agent
that he stated was used to prevent Escherichia
coli infections. The patient believed that the
2-cm needle delivered a 1-ml dose of vac-
cine contaminated with hog manure. He began
to have chills about 3 hours after the NSI
and went to his local Emergency Department
(ED) where a combination antibiotic, amox-
icillin and clavulanate, was prescribed. Back
home, he developed worsening symptoms and
returned to the local ED that evening. IV cef-
triaxone, an antibiotic, was given and he was
transferred.
His examination upon arrival revealed dif-
fuse swelling and erythema of his left hand
and wrist. A streak of redness was seen extend-
ing up the medial aspect of the arm up to his
elbow. He had a fever of 38.2◦C. Laboratory val-
ues included a normal white blood cell (WBC)
count. Inflammatory markers tested included a
C-reactive protein (CRP) of 12.0 mg/dl, normal
<0.5 mg/dl, and an erythrocyte sedimentation
rate (ESR) of 2.0 mm/h, normal 0–20 mm/h.
A broad spectrum IV antibiotic, piperacillin-
tazobactam, was given in the ED.
Orthopedics admitted the patient and started
triple IV antibiotic coverage with gentam-
icin, cefazolin, and penicillin G. Infectious
Disease was consulted due to the patient’s on-
going fever, increasing CRP, and slow clini-
cal improvement. The penicillin G dose was
increased to 24 million units per day and
administered as a continuous IV infusion. Other
antibiotics were discontinued. He improved
remarkably and was discharged on the third
hospital day.
He was diagnosed with a cellulitis of his
left hand and arm, presumably due to a
Streptococcus bacteria given its rapid onset and
response to IV Penicillin alone. Oral penicillin
was continued for an additional 2 weeks. A
1-week follow-up revealed mild swelling of his
hand and residual stiffness with finger flexion.
He missed about 2 weeks of work.
Case 3 JS
A 23-year-old female who had a “through
and through” NSI to her left hand that occurred
while vaccinating hogs to prevent pneumonia
from Mycoplasma. There was pain at the site
of the injury but no other findings. She was
21/2 months pregnant at the time. A tetanus
booster was administered and she was placed on
a 7-day course of cephalexin for infection pro-
phylaxis. A follow-up ultrasound performed in
the Fetal Diagnosis and Therapy Unit was nor-
mal. Ultimately, she delivered a healthy 8-pound
baby girl.
Case 4 BM
A 22-year-old woman who had a NSI while
injecting pigs at a swine farrowing operation.
She was securing the pigs between her knees
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when one of them struggled and she inoculated
her upper leg with 1 ml of the product. There
was an immediate burning sensation at the injec-
tion site but she kept working. That evening,
about 8 hours later, the area had a swelling
about the size of a large marble. The redness
and swelling over her thigh increased to about
6 cm the following day. On day 3, she went to
her local physician and brought with her the vac-
cine, M + PAC (mycoplasma hyopneumoniae
bacterin), which has an oil emulsion adjuvant.
The doctor called the phone number listed on
the bottle and the consult line recommended
surgical débridement of the area.
Upon referral, her thigh had a large erythema-
tous lesion that had a target appearance. There
was a 3-cm central circular area that was red
and indurated. This was surrounded by a 2 cm
wide ring that was normal skin color followed
by another erythematous ring on the outside. In
the operating room, a part of her inner upper
thigh approximately 7 cm in length was excised
down to the muscle. The removed tissue seemed
necrotic and had a somewhat glassy and lique-
fied appearance. Microscopic examination of the
specimen revealed significant chronic inflamma-
tion of the dermis (skin) and some acute inflam-
mation of the subdermal adipose tissue (fat).
Cultures remained negative. She was diagnosed
as having a sterile abscess.
IV cefazolin, an antibiotic, was administered
postoperatively and she received IV narcotic
medications for pain. Discharge occurred on
the third hospital day. She was sent home on
negative-pressure wound therapy with a wound
vacuum that required visiting home nursing.
Oral narcotic medications were prescribed for
pain, especially for dressing changes. She was
not able to return to work for 3 months.
Chickens
Case 5 OL
A 22-year-old male who presented to the
ED about 23 hours after suffering a needle-
stick to the dorsum of his left hand while vac-
cinating chickens. The patient had just put a
vaccinated chicken back into a cage. When he
turned around, the needle on the syringe that
his coworker was holding entered his hand. The
needle had already been used on over 100 chick-
ens. The patient believed that there was no
vaccine left in the syringe. Immediately follow-
ing the needle stick, the patient pressed his lips
to his hand and tried to suck out any fluid that
he could. He stated that he was able to get some
blood out during that maneuver.
Four hours later, he noticed swelling over the
back of his hand and then developed throbbing
pain during the night. ED examination revealed
an area of erythema and induration over the
dorsum of the left hand. A thin-walled central
blister with clear fluid was noted and he had
some pain with movement of the index finger.
A dose of IV cefazolin and a tetanus booster
was given in the ED. He was diagnosed with
a left hand cellulitis and sent home on an oral
course of the antibiotic clindamycin. He did not
return for his 1-week follow-up appointment.
Case 6 NL
A 21-year-old male who was helping a
coworker clean syringes used to vaccinate chick-
ens and grazed the right thumb along the lat-
eral aspect with a needle tip. The agent in the
syringes had been a vaccine with an oil emulsion
adjuvant but no other information was docu-
mented. Over the next 24 hours he developed
increasing swelling, redness, and pain of his
thumb. He opened the lesion up himself but
no pus was expressed. His symptoms continued
to worsen. He went to his local ED and was
referred.
His examination revealed a very swollen and
erythematous right thumb with a wound from
patient’s own attempt at infection drainage.
There was streaking redness over his hand and
onto his forearm consistent with a lymphangitis.
His WBC count was normal but inflammatory
markers were elevated with a CRP of 2.4 mg/dl
and an ESR of 36 mm/h. The patient was admit-
ted and started on IV cefazolin. An incision
and drainage (I & D) procedure was performed
at the bedside under local anesthesia with a
small amount of purulence drained on the sec-
ond hospital day. He was discharged on the
fourth hospital day and prescribed a course of
cephalexin, an oral antibiotic. His final diagnosis
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was cellulitis and probable abscess. He did not
show up at his 2-week follow-up appointment.
Case 7 MS
A 17-year-old male who was vaccinating
chickens when he unintentionally injected his
left index finger. He had vaccinated over 100
chickens with the needle prior to the injury. In
the ED, the patient had redness at the puncture
site and swelling of his distal finger. Motion
of the finger was limited. Laboratory studies
including complete blood count (CBC) were
unremarkable. The patient was accompanied by
his employer who stated that the inoculant was
an oil-based agent. The employer was concerned
about the information on the manufacturer’s
insert that accompanied the vaccine, which rec-
ommended surgical débridement and irrigation
for an unintentional injection.
Orthopedic Surgery was consulted and the
patient was taken to the operation room (OR)
where a small amount of dark tissue under
the injection site was excised. Postoperatively,
he was placed on IV antibiotics and received
one dose of cefazolin before being switched
to a combination drug containing ampicillin
and sulbactam. He was discharged on the sec-
ond hospital day on an oral antibiotic course.
He did not show up for his 1-week follow-up
appointment.
Cattle
Case 8 JL
A 51-year-old male who was vaccinating
calves for “blackleg disease” and suffered an
unintentional NSI to the palm of his left hand.
This occurred when he “bumped” into the
large needle of the syringe after about 10
calves had been immunized. It was unclear
to the patient if any product was injected
into his hand. After about 4 hours, his hand
began to ache and he developed pain in
his palm with movement of his fingers. The
patient brought the vaccination bottle with
him to the ED and the inoculum was Vision
7/Somnus with SPUR (Clostridium chauvoei-
septicum-novyi-sordellii-perfringens Types C &
D–Haemophilus somnus bacterin-toxoid). The
poison control center was contacted and they
reassured that the agent itself was not of partic-
ular concern.
His examination revealed a puncture wound
on his left palm that was tender but without
significant swelling or erythema. He had pain
with active flexion of the index and middle
fingers. His WBC count was 14,200 (normal
3700–10,500); CRP and ESR were normal. He
was admitted and placed on triple IV antibiotics,
penicillin G, cefazolin, and gentamicin. He was
discharged on the second hospital day. His final
diagnosis was mechanical soft tissue injury of
his flexor tendon sheath of his hand. He did
not show for his follow-up appointment 4 days
later.
Sheep
Case 9 DS
A 43-year-old male who suffered a NSI while
vaccinating sheep with Clostridium perfringens
Types C & D toxoid. He had inoculated about
25 sheep with the same needle when one strug-
gled and got loose as he was trying to vac-
cinate it, and he stabbed the left side of his
chest. He noticed some soreness in the punc-
ture area later in the evening that persisted.
Over the next month, a painful lump formed
over the left medial aspect of his chest. He
saw his regular doctor about a month after
the injury and was referred to a local sur-
geon. An ultrasound showed an infection of a
left fifth rib, which was then resected 47 days
after the injury. Levofloxacin, an antibiotic, was
started and then switched to oral penicillin after
5 days.
The wound was reportedly healing well until
about 2 weeks after his rib resection when a thin,
yellowish drainage was noted from a small area
of dehiscence in his incision. The local surgeon
felt that this was fatty necrosis in the area of the
wound and that it should improve. The drainage
became darker and thicker in consistency but he
had no fever or other complaints.
He presented to the Infectious Disease clinic
nearly 3 months after the NSI.
An anaerobic culture of the bone grew a small
growth of Propionibacterium species and a sec-
ond anaerobic culture of the left anterior chest
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grew a moderate growth of the same organ-
ism. An anaerobic culture of the bone showed
moderate growth of Streptomyces species and
a fungal culture of the bone also grew mod-
erate growth of Streptomyces species. Both
of these organisms are typically contaminants
but since they grew from operatively obtained
deep cultures from bone, it was felt they were
true pathogens. The previous 5 weeks of peni-
cillin therapy was adequate for treating the
Propionibacterium but there was concern that
Streptomyces was the culprit causing the indo-
lent infection.
A chest computed tomography (CT) revealed
inflammatory changes anterior to the head of the
left fifth rib but no abnormal fluid collections,
abscesses, or intrathoracic involvement. The rib
resection specimen was reviewed by Pathology
and demonstrated infection of the bone, necrotic
cartilage, and both acute and chronic inflam-
matory changes of the rib and surrounding tis-
sue. A diagnosis of probable mycetoma with
osteomyelitis of the left fifth rib and localized
infection/cellulitis was made.
A week after presenting to the referral center,
the patient was placed on dapsone, a corti-
costeroid, 100 mg once a day. Drainage con-
tinued from his wound and he was referred
to Cardiothoracic Surgery. Chest wall débride-
ment with resection of cartilage from the cos-
tochondral joint was performed in the OR. A
PICC (peripherally inserted central catheter)
line was placed under fluoroscopic guidance.
The Streptomyces species was found to be sus-
ceptible to ciprofloxacin, tobramycin, and gen-
tamicin antibiotics.
Patient was started on tobramycin 425 mg
daily through the PICC line and was also placed
on ciprofloxacin 750 mg orally twice a day.
He required home nursing care. Re-packing of
the wound was performed daily until healed.
The IV tobramycin was stopped after 6 weeks
and the oral ciprofloxacin after 8 weeks. Nearly
5 months after his last surgery and 81/2 months
after the original NSI, the patient was seen in
follow-up in the Cardiothoracic Surgery clinic.
There was still some postsurgical erythema and
tenderness over the wound but no definite recur-
rence of infection. The patient was told to return
if problems developed.
DISCUSSION
Unintentional NSI during livestock produc-
tion appears to be fairly common.1 Most of
these injuries probably present to a primary
care provider, if the worker seeks any med-
ical attention at all. Significant complications
of livestock-related NSI are likely infrequent.
However, this case series illustrates how they
can develop into medical problems that are very
costly, cause suffering, and lead to time off
work. Most of our NSI cases initially presented
to a primary care provider and/or a local ED
before being referred to the tertiary care center.
The seriousness of the health problems that
can occur is related to a number of variables.
This includes (1) the location of the needlestick
and local traumatic injury from the needlestick
itself; (2) secondary infection related to bacterial
contamination of the needle from the environ-
ment and/or animal, or from bacteria on the skin
of the inoculator driven beneath the skin by the
needle; and (3) the type of substances in the
inoculum.24
Site and Traumatic Injury of NSI
The hand is involved in most unintentional
NSI. In our series, seven of the nine cases
involved the hand. Of those that occurred dur-
ing an actual vaccination attempt, the nondom-
inant extremity was most commonly affected.
The hand is a very complicated structure with
many muscles, tendons, nerves, and vessels all
in a small space. Swelling in the hand from
an infection or inflammatory process can cause
pressure on vital structures and result in perma-
nent damage to the hand without proper medical
attention. In fact, injection into the flexor ten-
don sheath of a finger during an animal-related
NSI has resulted in severe ischemia leading to
amputation.14
Case 8 JL in our series did experience a NSI
to the flexor tendon sheath of one of his fingers.
Fortunately, he did not develop an infection or
have injection of material. Still, the traumatic
injury caused by the needle puncture itself was
enough to lead to 2 days of hospitalization.
Needles used in livestock production man-
agement are often large and can easily cause
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significant tissue damage. The sizes of hypoder-
mic needles are described by gauge numbers; a
smaller gauge number indicates a larger outer
diameter. In human medicine, 21-gauge nee-
dles are commonly used for drawing blood for
laboratory testing. The needle size involved in
the puncture was not documented in many of
our patients but Case 2 GH was injected with
a 14-gauge needle. Livestock injection needles
are usually 16 or 18 gauge but may be as large
as 12 gauge in size. Furthermore, the multiple-
use needles are often dull and barbed, resulting
in increased trauma to the skin and underly-
ing tissues.24 Several of our patients reported
receiving their NSI after the needle was used
to vaccinate over 100 chickens and another after
having injected 25 calves.
Secondary Infection From NSI
Unlike human medicine, single-use sterile
needles are rarely used on livestock. Large num-
bers of animals are often treated during a short
time period with multiple-use needles for sav-
ings in time and materials. The needles become
contaminated with bacteria from the environ-
ment, which virtually always includes animal
excrement. Inoculation of these bacteria, includ-
ing gram-negative organisms and anaerobes,
through the skin can cause significant infections.
In our case series, five of the nine cases were
believed to involve a soft tissue infection. Being
aware of the type of organisms to which the
worker may be exposed is important to proper
antibiotic selection by the health care provider.
Broad-spectrum antibiotic coverage is usually
indicated for significant infections or those not
responding to typical oral antibiotics.
Human skin has bacteria that normally help
provide protection at the surface, but these
can become infectious as well when driven
under the skin by a NSI. Streptococcus and
Staphylococcus aureus, normal human skin
flora, are common organisms causing cellulitis.
The antibiotic regimens utilized in most of the
NSI cases presented here targeted these bacteria.
For example, Case 2 GH was presumed to have
a cellulitis due to Streptococcus and responded
to IV penicillin. Unfortunately, antibiotic-
resistant organisms such as methicillin-resistant
Staphylococcus aureus are common in livestock
just as in human medicine. Farm workers appear
to be at greater risk in becoming colonized from
these resistant bacteria25 and, consequently, may
be at increased risk of developing infections
from them.
The likelihood of contaminated exposure
with environmental organisms in NSI makes
other less common infections possible and
need to be considered. Based on our review
of the literature, Case 9 DS in this series
is the first animal-related NSI complication
due to Streptomyces that has been reported.
Streptomyces is a bacterium found in soil and
decaying vegetation. It resembles fungi both
in structure and in life cycle, which includes
producing spores. Interestingly, Streptomyces
species produce more than half of the world’s
antibiotics and is an infrequent pathogen, espe-
cially in the United States.26 However, it can
cause an indolent infection called a mycetoma,
which is a chronic granulomatous infection of
the skin that will involve surrounding tissue,
including muscle, bones, and adjacent organs, if
left untreated.27
Streptomyces is usually introduced via local
trauma of the skin and the infection begins as
a firm nodule that persists. These can evolve to
more extensive suppurative plaques or develop
abscesses and fistulae that drain a clear or puru-
lent exudate. Our patient had a fairly typical
course after his NSI with development of a nod-
ule that then crossed tissue planes to involve
deeper structures including the left fifth rib. He
was eventually successfully treated with surgi-
cal débridement and extended courses of IV
tobramycin and oral ciprofloxacin.
Substance Injected in NSI
A number of substances in veterinary phar-
maceuticals may be harmful if unintentionally
injected in humans. Many veterinary pharma-
ceuticals have a relative concentration 5 to 10
times greater than human medications (espe-
cially those used for large animals).24 With
concentrations this high, even a small injection
could be a harmful dose.
Vaccines used to immunize animals are usu-
ally made with killed products. However, some
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are made with live or live attenuated organisms
that may have the potential to cause infections
in people.24,28 For example, vaccine strains of
Newcastle disease28 and contagious ecthyma
(orf)29,30 have caused infections in humans
similar to field-acquired disease. Unintentional
injection of Brucella abortus RB51 vaccine may
cause a systemic flu-like illness20 (although this
does not appear to be a true brucellosis infec-
tion as was seen in NSIs with previous strain 19
Brucella vaccines24,28). Reports of suspected or
confirmed human disease from animal vaccines
are actually quite uncommon. However, it is not
known if this is because these events are rare,
or if it is because they are not being recognized
and/or reported.28
Adjuvants such as mineral and organic oils,
aluminum salts, and mycobacterial cell wall
antigens are added to many vaccines in order
to increase the immune response of the ani-
mal and provoke better cell-mediated immunity.
If unintentionally injected into a person, these
adjuvants may create a severe inflammatory
response with significant pain and swelling. The
reported reactions to Johne’s disease bacterin
and its mineral oil adjuvant are excellent exam-
ples of this problem.16 Livestock antibiotics
and anthelmintics may also contain hydrocar-
bons, such as cottonseed oil, that can stimulate
inflammation if injected inadvertently.17 Such
reactions will usually not resolve on their own
and often require prompt surgical attention.17,18
Case 4 BM in our series had a NSI with injec-
tion into her leg of a vaccine that contained
an oil emulsion adjuvant. Over several days,
the inflammatory response continued to worsen
and she required surgical removal of a section
of her thigh that contained a sterile abscess.
The resultant wound required weeks to heal.
Chronic inflammation with sterile abscess for-
mation due to unintentionally injected oil-based
vaccines similar to this case has been previously
reported.18,19
If injection of an oil-based agent is known
or suspected in a NSI, early surgical débride-
ment is preferred as was performed in Case 7
MS. Injected material should be removed before
it spreads or elicits a significant inflamma-
tory or granulomatous reaction.31 Early débride-
ment can lessen the severity of the injury, lead
to fewer days in the hospital, and ultimately
decrease time missed from work as well as
long-term complications.
Several other patients in our series had NSI
where the agent being used had an oil emul-
sion adjuvant. However, in these cases it was felt
that little to no material was actually injected
and they did well without surgery. This sup-
ports a previous report suggesting an injection
of a small amount of oil-based vaccine could be
treated with close observation.32
A caveat to nonsurgical NSI management
is that the patient may underestimate the
amount of injected inoculant. A case has been
reported where significant inflammation devel-
oped after the patient indicated that only a
negligible amount of an oil based vaccine was
injected. Subsequent surgery detected consid-
erable amounts of oil.1 Therefore, health care
providers need to consider if it is possible that
the amount injected is greater than that reported
and treat accordingly. Those relegated to obser-
vation management after an oil-based injection
must be watched closely for the development of
inflammation.
Fortunately, most vaccines are not oil based.
Non–oil-based vaccines usually contain adju-
vants such as aluminum salts that are less likely
to cause a severe inflammatory reaction. These
exposures may also be watched closely rather
than be treated with initial surgical débridement.
Most antibiotics for livestock may potentially
cause inflammation (especially if they are an
oil suspension as discussed earlier) or even an
allergic reaction in humans, but they usually
do not cause serious illness. An exception to
this is tilmicosin phosphate (Micotil), which is
an aminoglycoside antibiotic. Even a relatively
small amount, perhaps as little as 1 ml, may be
fatal to humans presumably as a result of car-
diotoxicity from calcium channel blockade.21,22
Other variables such as gender, immune sta-
tus, and the age of the exposed person may
also affect whether there is an adverse out-
come to a veterinary pharmaceutical exposure.23
For example, hormones such as oxytocin and
prostaglandins are commonly used in cattle and
swine production to assist with birthing or to
synchronize estrus. If a pregnant woman unin-
tentionally inoculates herself with one of these
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products, it can and has caused spontaneous
abortion.2 Women should be particularly care-
ful when using these drugs, and may want to
avoid administering them altogether if they are
pregnant.
The human medical community is relatively
unaware of the nature of pharmaceuticals used
in livestock production. Although NSIs are rela-
tively common, treatment of injuries are sought
in a minority of cases. Thus, providers often
lack knowledge with regards to evaluating the
risks of NSI, the illnesses and complications that
may develop, and how to clinically manage this
problem.
Material Safety Data Sheets (MSDS) are
made available by manufacturers for all veteri-
nary pharmaceuticals. Large farms with a hazard
communication plan should have MSDS avail-
able on site to facilitate the proper care of an
injured worker. It should be cautioned that these
sheets are not always consistent in their content,
and they are not often updated or their content
reviewed once the product is registered.
Without full knowledge of the product
involved in NSI, it is very difficult to provide
appropriate treatment. In our series, only three
of the cases had the exact agent documented
in the medical record. It is important for NSI
patients to bring the product bottle or pack-
age insert to their health care provider, which
allows for proper identification of the agent
and in many cases a contact phone number for
treatment advice.
Prevention
Veterinarians with practices involving small
animals have been found to have significantly
higher NSI incidence than those with primar-
ily large animal practices.3,4 Perhaps this is
because individuals believe they should be able
to adequately restrain smaller animals during
inoculation without assistance but this is often
not the case. In our patients, six of the nine cases
occurred during an attempt at injecting an ani-
mal. This is similar to a study of Wisconsin vet-
erinarians in which 63% of NSI occurred while
attempting to vaccinate cattle.16 In the long
run, it can save money and time to have prop-
erly designed and maintained animal handling
TABLE 3. Proper Sharps Handling
Some safe procedures when handling sharps include:
• One dose in a syringe at a time (if possible) or use
safe multiple dose devices
• Keep needle cover on until use
• Do not carry a loaded syringe in your pocket or
mouth, or on a vehicle seat
• Keep other hand well away from needle during
injection particularly if using oil-based or potentially
toxic products
• Do not rely on gloves or retractable needle to
prevent NSI
• Get a colleague to observe from a distance your
injection method so you can review and revise your
technique as needed
• Do not recap the needle unless absolutely
necessary
• If recapping is necessary, do so with a one-handed
scoop technique (while holding the syringe, insert
the needle into the cap as it lies on a flat surface,
and then press the cap firmly onto the needle by
pressing down on the surface)
• Ensure arc of movement of needled syringe is
always away from your body and others nearby
• Put syringe down in safe place if performing any
other task including moving or carrying an animal
• Change needles frequently
• Promptly and properly dispose of all needles
facilities and adequate assistance to properly
secure and handle the animals. Such steps help
decrease the chance of suffering a NSI and its
complications.
It is essential that agricultural producers train
employees on safe inoculation procedures and
in the handling and disposal of sharps (Table 3).
A study of personnel at a nonhuman primate
laboratory found that people who had been
employed for less than 2 years were more
likely to suffer a NSI.33 Education needs to
be performed initially and repeated regularly
for employees performing inoculation proce-
dures. Industry continuous improvement pro-
grams such as Beef Quality Assurance (BQA)
and Pork Quality Assurance Plus (PQA Plus)
are good sources for information and training on
proper and safe injection techniques.
Training workers may be challenging due
high employee turnover or language barri-
ers. In our case series, three of nine patients
were Hispanic workers who spoke essentially
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no English. Translators may be necessary for
proper education of employees.
It is likely that agricultural workers frequently
engage in high-risk needle handling procedures,
not unlike practitioners of veterinary medicine.
In separate studies, 86% of zoo veterinarians
reported manually recapping needles more than
half the time6 and 79% of veterinarian tech-
nicians reported that they always or usually
recapped needles manually.13 NSIs are com-
monly caused during manual recapping by miss-
ing the cap or driving the needle through the side
of the cap and into a finger. Manual recapping
should be strongly discouraged.
Case 6 NL is an excellent example of
improper needle handling as the patient received
a NSI as he was cleaning needled syringes for
re-use in a poultry operation. Most veterinarian
practices have sharps containers in areas where
needles are used.13 The availability of sharps
containers at livestock facilities has not been
reported but it is likely that many producers do
not have them. Operations that regularly per-
form injections on their animals should have
puncture proof sharps containers readily avail-
able for needle disposal.
When possible, immunization products
should be avoided that contain live organisms
potentially infectious to humans. Pregnant
women should not be injecting oxtocin or
prostaglandins. Alternatives should be used for
tilmicosin phosphate (Micotil) and anyone who
does administer this drug needs to understand
the significant hazards of its use and the critical
need for safe handling.
The use of safer injection devices such as
retractable needles and those with hinged caps
have been shown to reduce the incidence of NSI
in human medicine.34–37 These devices have not
yet been widely utilized in animal care. Their
use in livestock production should be considered
and their potential benefits further evaluated.
Producers may also consider switching to the
use of a high-pressure needleless system for
inoculation. Some studies have demonstrated
a significantly stronger immune response with
needleless intradermal delivery of several swine
vaccines versus intramuscular injection.38,39
Another study found a needle-free injector
elicited the same antibody response in sheep
as administration via needle and was faster.40
Such devices also help eliminate the potential
for needles and needle fragments in meat prod-
ucts.
Needleless inoculation prevents many of the
hazards related to NSI but still has problems.
A study in pigs demonstrated that a needle-
free system was associated with more injection
site abscesses.41 Medical issues related to inad-
vertent subcutaneous administration of veteri-
nary pharmaceuticals would not be eliminated
with needleless systems and there are reports
of serious operator injury with high pressure
needleless injections.32
A two-handed injection technique is currently
most popular among producers. In this method,
the nonpreferred hand lifts the skin prior to injec-
tion, which substantially increases the risk of
unintentional NSI. The most common NSI site in
this case series was the left (nondominant) hand
and most occurred while attempting to vaccinate
the animal. Such NSI could be avoided by the
use of a safer one-handed technique. A program
developed in Australia to teach sheep and cattle
producers proper injection technique success-
fully incorporates this method through training
and practice.1 One-handed injection enables the
nondominant hand to be well clear of the nee-
dle and free to hold on to something to increase
operator stability if the animal suddenly moves.
CONCLUSION
Agricultural producers and their employees
need to consider the risks of unintentional NSI
and implement procedures to prevent them.
Although these injuries often do not cause seri-
ous or permanent injury, this case series demon-
strates that they can lead to significant pain,
surgery, hospitalization, and work loss. This
report documents cases from a tertiary medi-
cal center in a rural state that illustrate many
of the problems that can occur as a result of
NSI, including direct tissue injury, soft tissue
infection, and inflammatory response to vaccine
adjuvants when unintentionally injected. One
of our cases was a probable mycetoma with
bone and soft tissue infection of the chest due
to the bacteria Streptomyces, which is a NSI
complication not previously reported. Although
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not represented in our cases, veterinarians and
their technicians are also at increased risk for
NSI complications. Unlike the medical health
care field, livestock producers and veterinarians
have not been as proactive in preventing NSI.
Measures to minimize the risks of NSI and pre-
vent their complications should be promoted in
these professions.
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